Tables
evaluated survival in relation to climatic conditions and estimated population size for polar bears (Ursus maritimus) in western Hudson Bay, Canada. Here, we provide supplemental materials for the analyses in Regehr and others (2007) . We demonstrate how tag-return data from harvested polar bears were used to adjust estimates of total survival for human-caused mortality. We describe the sex and age composition of the capture and harvest samples, and provide results for goodness-of-fit tests applied to capturerecapture models. We also describe the capture-recapture model selection procedure and the structure of the most supported model, which was used to estimate survival and population size.
B Introduction
Longer term and more consistent demographic data are available for the Western Hudson Bay problem bears in and around the community of Churchill, Manitoba, Canada. Regehr and others (2007) used Cormack-Jolly-Seber (CJS) type models to estimate survival, investigate the relationships between survival and sea ice conditions, and estimate the size of the WH population. This report provides supplemental materials that were not included directly in Regehr and others (2007) due to space limitations in the journal.
B Natural Survival
Polar bears from the WH population were harvested as part of an annual, regulated hunt by Inuit along the Nunavut coast of western Hudson Bay. We estimated natural apparent survival (φ N ) by adjusting the CJS estimates of total apparent survival (φ) using tag-return data from the harvest. For each sex and age class in the most supported CJS model for the combined CWS and MDOC data, we estimated natural apparent survival using the formula:
where H j is the number of research-marked polar bears killed in the Nunavut harvest following sampling by the CWS and MDOC in year j,
is the estimated number of marked polar bears in the WH population M = m p m R after sampling occasion j, m j is the number of marked polar bears captured at sampling occasion j, and R j is the number of marked polar bears released at sampling occasion j.
We could not estimate var ( φ N ) using the methods of Taylor and others (2002) due to the complexity of the most supported model. We approximated average φ N by constraining the annual estimates to [0, 1] and taking the arithmetic mean. Our approach was based on the assumption of additive mortality, because evidence is lacking for compensatory mortality among polar bears (Derocher and Taylor, 1994) and because the WH population appears to be declining despite a harvest that was thought to be sustainable. If density-dependent effects were compensating for harvest mortality, our estimates of φ N could be biased high.
Sex and Age Composition
We used standard regression techniques to describe trends in the sex and age composition of the CWS, MDOC, and Nunavut harvest samples (for example, Zar, 1996; Hosmer and Lemeshow, 2000) .
The proportion of females (table 1) .21, df = 9, P = 0.003), but there was no apparent trend.
We described the age structure of the Nunavut harvest using research-marked polar bears only, because some ages were unknown for polar bears without a previous research capture. The age class composition of marked polar bears in the harvest varied among years (χ 2 = 25.42, df = 9, P = 0.003), with a trend towards fewer subadults (logistic regression on the proportion of subadults; linear trend model versus time-constant model, G = 7.23, df = 1, P = 0.007). 
CWS
In the CWS capture sample, the age of adult females (table 3) (Burnham and others, 1987) . The standard CJS model allows survival probability (φ) and recapture probability (p) to vary independently with time and is denoted ( ) ( ) . At each sampling occasion (year), we evaluated the ϕ t p t significance and directionality of the program RELEASE components for sex-and age-based subsets of the WH capture-recapture data (Choquet and others, 2005) . We also considered the interrelation of the components with regard to common assumption violations, such as temporary trap response (Pradel, 1993) and transience (that is, permanent emigration following initial capture; Pradel and others, 1997 Violation of the CJS assumption of independent fates should not introduce bias into parameter estimates, but may affect model selection and lead to an overstatement of estimator precision (Burnham and Anderson, 2002) . To investigate whether extended maternal care in polar bears (Derocher and Stirling, 1996) resulted in a significant lack of independence, we estimated an ancillary, biological value of the variance inflation factor ( ĉ ) using the formula ĉ = n / (n -n c ); where n is the total number of captures, and n c is the number of captures of dependent cubs (Taylor and others, 2002) . The biological ĉ of 1.3 suggested that potential overdispersion due to dependent fates was minor. We used ĉ = 1.0 in our modeling, based on the program RELEASE indication of ĉ < 1.0 for both the CWS-only and combined data.
B Capture-Recapture Analysis
Model notation. -We extended the CJS notation of Lebreton and others (1992) to allow for the specification of more complex models. We considered four age classes: juveniles (0-1 years; denoted a1), subadults (2-4 years; a2), prime-adults (5-19 years; a3), and senescent-adults (≥20 years; a4). We denoted combinations of age classes using the letter a followed by several integers. For example, an aggregate age class comprising juveniles (a1) and subadults (a2) We derived the most supported CJS model in several steps. Because the complexity of the analysis made it impractical to define an all-inclusive candidate model set (for example, Lebreton and others, 1992 , Norman and others, 2004 , Muths and others, 2006 , we began by modeling the CWS-only data using a flexible approach that sequentially identified suitable parameterizations for separate parts of the model. We modeled p first (table 4) because we expected a simple parameterization that was primarily a function of study design and because the robust estimation of p is critical when estimating population size (Pollock and others, 1990) . We also wanted to minimize the chance of confounding effects in φ and p. We then modeled φ sequentially for prime-adults, followed by other age classes (table 5) . This limited the number of interactions between age, sex, and types of interannual variation, allowing us to focus on important biological hypotheses. Finally, we extended the CJS analysis to the combined CWS and MDOC data and evaluated all reasonable forms of capture history dependence associated with capture around Churchill (table 6 ). This approach assumed that the structure of the most supported model for the CWS-only data was sufficiently general to represent key biological (φ) and study design (p) effects for the entire WH population, and that potential differences in φ and p associated with CWS versus MDOC sampling protocols could be modeled as additive capture history dependence.
These assumptions were corroborated by the goodness-of-fit analysis, which did not identify any unmanageable heterogeneity in the combined data, and by strong support within the data for the hypothesized forms of capture history dependence. We derived final parameter estimates from a single model because model-averaging was not appropriate without an all-inclusive candidate model set, and because model selection uncertainty was low with respect to the most important effects (that is, parameter estimates were similar for models with similar support in the data [Buckland and others, 1997] ). Table 4 . Selected recapture probability (p) models fitted to capture data for polar bears collected by the Canadian Wildlife Service, 1984 Service, -2004 .
[We modeled p as a function of time (t), capture effort (effort), sex (s), an additive sex function with different effects for 1985-95 versus 1996-2004 (s') , and the age classes a1 (juveniles, 0-1 years), a2 (subadults, 2-4 years), a3 (prime-adults, 5-19 years), and a4 (senescent-adults, ≥20 years). All models had the general survival parameterization a3 a124
(t s) ϕ (t + a a ] × s} . AIC c = Akaike's information criterion adjusted for small sample size; ΔAIC c = difference
in AIC c relative to the most supported model in [We modeled φ as a function of time (t), ice breakup date in the current year (ice), ice breakup date in the previous year (ice'), 3-year running mean of ice breakup date (ice''), and a linear trend (linear); as well as sex and age effects. All models have the most supported recapture parameterization p t ( + s ') . AICc = Akaike's information criterion adjusted for small sample size; ΔAIC c = difference in AIC c to the most supported model in the relevant section of 
B Summary
This report provides supplementary materials for an analysis of capture-recapture data for polar bears in western Hudson Bay. We presented methods of estimating natural survival. We described the capture samples and provided results for goodness-of-fit tests. We also described the model selection procedure and the structure of the final model that was used for inference.
